Main text: 2344 words ABSTRACT 1 Background. A fundamental clinical and scientific concern is how lytic bacteriophage, as well as 2 antibiotics, impact diagnostic positivity.
BACKGROUND

18
There are approximately 4.5 billion diarrheal diseases cases per year [1] . While the 2-4 million 19 cases of cholera that occur annually represent a small fraction of the total cases [2], cholera 20 inflicts high morbidity and mortality on populations with extreme poverty. Outbreaks begin when 21 immunologically susceptible human hosts are exposed to the Gram-negative pathogen V. 22 cholerae (O1 and O139 serogroups) from contaminated food or water [3] . Before modern 23 rehydration regimens, mortality rates rose above 20% [4] from acute secretory diarrhea resulting 24 from the action of cholera toxin [3] . Treated with oral or intravenous rehydration, mortality rates 25 decrease to less than one percent [5, 6] . Antibiotics are recommended for cholera patients with 26 moderate to severe dehydration [7, 8] , but in practice most cholera patients are likely ordered 27 antibiotics. Asymptomatic cases are detected by a rise in antibody titer but negative stool 28 studies [9] . Recovered patients become susceptible over time as a function of the durability of 29 their immune response [3] . V. cholerae are shed from the human host with increased infectivity 30 [10, 11] . This 'hyper-infectivity' is suggested to drive the exponential phase of outbreaks [12] .
31
Patients can shed V. cholerae specific lytic bacteriophage (ICP1, 2, 3); ICP1 is specific for O1 32 V. cholerae [13, 14] . These vibriophages are proposed to quench outbreaks based on data that 33 a higher percentage of patients shed vibriophage during the collapse of an outbreak [15] [16] [17] .
were at least 6 months-old, had diarrhea (>3 loose stools in the prior 24 hours) and no history of 67 cholera vaccination. Samples were collected from August to September 2015.
68
Laboratory Procedures
69
For samples collected in Bangladesh, the methods have been previously described [21, 22] . In 70 brief, the first stool sample voided was collected immediately after admission to avoid exposure 71 to hospital administered antibiotics. The supernatants from V. cholerae positive stools were 72 tested for antibiotic exposure using a LC/MS protocol for a 1100 series HPLC (Agilent (Table S1 ). Lytic vibriophages ICP1, 2, and 3 were have been previously described on DNA extracted from dried stool spots [29] . In addition, the 91 extracts were analyzed by PCR for ICP1 and ICP3 (ICP2 PCR technically failed; Table S1 ).
92
Direct immune-fluorescence was performed as previously described on planktonic cells from 150 qPCR (OR 0.11; 95% CI: 0.03-0.44), but not by direct fluorescent microscopy (OR 0.54; 95% CI 151 0.14-1.97; Table 2 ). Azithromycin was negatively associated with culture positivity (OR 0.00, 152 95% 0.00-0.997; Table 2 ).
153
Absolute and relative V. cholerae concentration.
154
Absolute and relative V. cholerae concentration was assessed by nl-qPCR and 16S rDNA 155 analysis, respectively. Among nl-qPCR positive samples, there was a significant inverse 156 relationship between diagnostic positivity and V. cholerae concentration (Table S3 ). With no
DISCUSSION
165
This study investigated the potential vulnerability diagnostics have when bacterial targets are 166 exposed to lytic bacteriophage predation or antibiotics. Using cholera as a model system and 167 nl-qPCR as a reference standard for V. cholerae, we found that the odds of a RDT, qPCR and 168 microscopy diagnostic testing positive were reduced by more than 83% when lytic 169 bacteriophage were present. Similarly, the odds of a RDT, qPCR and culture testing positive 170 were reduced by more than 89% when the first-line antibiotic azithromycin was detected in stool 171 by mass spectrometry. These results expose a vulnerability of gold-standard diagnostics that 172 clinicians and microbiologists feared but lacked sufficient data to take evidence-based action.
173
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